Travel by the elderly is generally characterized by relatively short distances and low frequencies. However, with social development, the travel patterns of the elderly are lacking in sustainability. In some European countries, the elderly are increasingly dependent on cars while traveling. In addition, the influencing factors of the elderly's travel behavior are also changing. At present, most foreign and domestic studies focus on the impact of individual and household socioeconomic attributes, travel attributes, and policy factors on the travel frequency, travel mode choice, and travel demand of the elderly, but they lack an analysis of the regional differences of the elderly's travel behavior characteristics and related countermeasures. The studies excessively focus on the influencing factors but overlook the difference between the elderly's travel characteristics and young people's travel characteristics, as well as the interactions at the household level. Based on data from the Fifth Travel Survey of Residents in Beijing 2014, this paper uses variance analysis, Spearman's correlation analysis, and descriptive and comparative analysis to study the difference in travel frequency over 24 hours between the elderly and middle-aged/young people in Beijing, the impact of household, individual, and travel attributes on the travel frequency difference, and the regional difference in the elderly's travel behavior characteristics. The results show that there is a significant difference in travel frequency between the elderly group and the middle-aged/young group in Beijing; the main reason is the individual difference between travelers. Travelers' attributes all exert an influence on the travel frequency of both groups, but the degree and direction of the influence are different. At the household level, middle-aged/young people with a higher household income travel less frequently, whereas the case is completely the opposite for the elderly. In terms of personal attributes, gender has a significant negative effect on the elderly's travel frequency; that is, women travel less than men, whereas there is no difference between men and women in middle-aged/young people. Regarding travel attributes, travel distance and travel duration have a significant negative effect on the two groups' travel frequencies. The elderly in some European countries are more dependent on cars, whereas a large proportion of elderly people in Beijing walk on foot, but the degree of dependence on cars of the "new generation" of the elderly in Beijing will increase rapidly, which will bring the lack of sustainability of travel patterns, further bringing new challenges to policymakers and transport planning departments.
Introduction
The aging of the population is a significant social challenge that the world is facing. Some studies predict that, by 2050, the proportion of the elderly population aged 60 and over will reach 34%, from 16 .1% in 2015, in China, and reach 42.5%, from 32.7% in 2015, in Japan; the proportion of the elderly population aged 65 and over will reach 20.9%, from 13.1% in 2010, in the United States [1] [2] [3] . As people age, physiological and psychological changes occur [4] . Therefore, in addition to its social and economic impact, the phenomenon of aging also brings a significant effect on people's mobility [5] . Regardless of country, travel by the elderly is generally characterized by relatively short distances and low frequencies [6] . However, with global economic, scientific, and technological development and medical advances, the elderly's lifestyle is constantly changing and their mobility pattern is lacking in sustainability, resulting in changes in their travel characteristics: (1) compared to the past, the elderly's travel demand continues to show a growth trend; (2) studies in some European countries have found that the elderly are more likely to rely on cars than in the past; and (3) compared to young people, the elderly's travel characteristics and influencing factors are also changing [7] [8] [9] . At present, most foreign and domestic studies focus on the impact of individual and household socioeconomic attributes, travel attributes, and policy factors on travel frequency, travel mode choice, and travel demand of the elderly [8] [9] [10] . Meanwhile, several studies have highlighted that the increased travel demand and mobility of the elderly exacerbate traffic congestion, environmental pollution, and health problems [11] .
Although the above studies provide a basis for research in this field, some shortcomings remain. (1) Although the elderly's travel demand and car dependency are increasing, their travel behavior characteristics, such as the degree of mobility and household structure, are very different due to the different levels of economic development in different countries and regions; therefore, the government should adopt travel demand management policies and measures "according to local conditions". (2) Although some studies have compared the behavioral characteristics of the elderly and the non-elderly, the research vision and method are relatively simple; most studies are only a descriptive and comparative analysis and lack a statistical analysis and statistical reference of the sample data; other studies have only compared and analyzed the differences between the influencing factors of the two groups rather than the travel characteristics of the two groups. (3) Most previous studies have used traffic log-based travel chain data, but the travel data of the elderly in developed countries often lack the effects of interactions at the household level due to the different lifestyles of elderly people in different countries and regions; for example, the average household size of the elderly aged 65 and above in Rotterdam, the Netherlands, in 2014 was 1.7, meaning that most of the elderly do not live with their children, whereas the average household size of the elderly aged 60 and above in Beijing in 2014 was 2.9, meaning that the household includes children who live with elderly couples [12] .
Based on the above-mentioned shortcomings, this paper studies the difference in travel frequency over 24 hours between the elderly and the middle-aged/young in Beijing, as well as the influence of household, individual, and travel attributes of travelers on their difference in travel frequency; it also compares travel characteristics between the elderly in Beijing and the elderly in developed areas of some other countries.
Literature Review
In the research field of the elderly's travel demand characteristics such as travel frequency and travel mode choice, it is generally considered that the elderly's travel shows the characteristics of "relatively short distances and low frequencies" [1, 2, 6, 8] . Specifically, the current domestic and international research is focused on the following aspects.
In terms of the influencing factors of the elderly's travel behavior characteristics, most studies take three aspects: individual attributes, household attributes, and travel attributes. In recent years, studies have begun to add the factor of season and explore its impact on the elderly's travel behavior. Regarding individual attributes, existing studies have demonstrated that gender, employment status, driver's license, educational level, and ethnicity have significant effects on senior citizens' travel behavior [13] [14] [15] [16] . Some studies have suggested that women and the unemployed elderly travel a shorter distance and are less likely to travel and that women are more reliant on public transport [17] . Elderly women from minority groups travel less frequently [18] . The possession of a driver's license has an impact on travel frequency [19] . The elderly with a higher level of education travel more frequently and tend to use public transport [8] .
Regarding household attributes, the elderly with a high household income tend to use cars for travel [19] ; the elderly with a low household income or the unemployed elderly are more inclined to walk and use bicycles [17] ; single elderly people are more inclined to use public transport [17] . Regarding travel attributes, cars are used the most during travels whose purpose is shopping [10] . Regarding the living environment, some studies have noted that the elderly in areas with a high degree of urbanization and a heavy population density show travel characteristics of "short distances, high frequencies, and preferences for public transport" [8] . In the Netherlands, the elderly in the downtown area are more inclined to walk than the elderly in the suburbs [20] ; parks, shopping malls, and sidewalks around residential areas have a positive effect on the walking of the elderly [7] . Regarding the factor of season, the elderly use cars more frequently in the winter; a low temperature has a significant negative effect on the elderly's travel by walking and biking [21] .
In addition, there are a few other voices in current studies. Although some studies in Europe, such as in the UK and the Netherlands, have shown that the elderly are increasingly dependent on cars, some studies in North America and Australia have revealed a decline in the proportion of car travels among the elderly [9] . Overall, the elderly's travel patterns are changing, they lack sustainability. Some studies have demonstrated that the degree of urbanization has no significant impact on the elderly's recreational travel frequency or travel distance [22] ; in turn, some scholars have suggested that the increased mobility level of the elderly has a negative effect on environmental pollution, traffic congestion, and their physical health [23] [24] [25] .
In the past two years, some scholars have introduced travelers' health factors into research, and a study in Rotterdam, the Netherlands, shows that obesity has no significant impact on the travel frequency of the elderly whereas physical disability has a very strong negative effect on the travel frequency of the elderly [8] .
The different levels of economic development and different household structures in different regions often cause very different travel behavior [26, 27] . In addition, most of the above studies are only a descriptive analysis and lack an inferential analysis on the sample data. It is very necessary to analyze the elderly's travel behavior characteristics in Beijing. However, the impact of health and weather factors on the elderly's travel characteristics will not be mentioned in this paper due to the lack of data.
Research Design

Research Scope
The scope of this study is Beijing's urban areas, including the central city area of Beijing (Dongcheng District and Xicheng District) and suburban areas (Chaoyang District, Haidian District, Fengtai District, and Shijingshan District). According to data released by the National Bureau of Statistics of China in 2015, there are 11.717 million residents in Beijing's urban areas, and the population density is up to 8500 per square kilometer. The reasons for choosing this region are as: (1) The population density of the outer suburban areas of Beijing is only over 600 people per square kilometer, which is greatly different from that of urban areas; accordingly, people's behavior characteristics are very different. ( 2) The population composition of the region is more diverse; there are old local Beijingers in the central downtown area as well as immigrants with different economic and cultural backgrounds. (3) Beijing is facing an enormous challenge due to population aging. By 2014, Sustainability 2017, 9, 981 4 of 11 the city had 400 more old people every day. The elderly population over 60 years old had surpassed 3 million, and it is expected to reach 4 million by 2020 and reach its peak in 2055 [1] . The elderly population is mainly distributed in Chaoyang, Haidian, Fengtai, and Xicheng districts.
Data
The data of this study are from the Fifth (2014) Travel Survey of Residents in Beijing. The total sample consisted of 40,000 households, approximately 12 million people between September 2014 and December 2014 in the whole Beijing area. The investigators visited the households twice; during the first visit, they recorded the basic information and left a "traffic log" for each investigated household, and during the second visit, they conducted interviews and collected the "traffic log".
To balance the distribution of the sample data, the method of stratified sampling is used to randomly extract part of the survey data from the data of Beijing's urban areas. The collected data include three modules: travel information (travel distance, travel purpose, travel destination, travel mode, etc.), household information (household income, floor area, number of household members, number of cars, etc.), and individual information (age, gender, monthly tickets, etc.). According to China's statutory retirement age and the provisions concerning adults, this study defines travelers aged 60 or above as the elderly, and there are 1074 elderly people, accounting for 17.5% of the total number of study subjects. The study defines travelers 18-59 years of age as middle-aged/young people; there are 5073 middle-aged/young people, accounting for 82.5% of the total number of study subjects.
The descriptive statistical results of all sample data are shown below in Tables 1-3 . 
Methods of Analysis
Procedures of Analysis
Step 1: We use variance analysis to study the difference in the daily travel frequency over 24 hours between the elderly group and the middle-aged/young group. Since travel frequency is numerical data and being elderly or middle-aged/young is classified data based on age, in this study, variance analysis is more suitable than regression analysis.
Step 2: We use correlation analysis to explore the effect of household, individual, and travel attributes on the travel frequency difference between the elderly and the middle-aged/young. Accordingly, the procedures and variables of analysis are shown in Figure 1 . Some variables from the survey were not used in analysis. The reasons are as follows: (1) Travel frequency is the sum of the trip chain, and each trip has its own transport mode, purpose, and location. It is unable to sum up these three variables because of classified data. (2) The variables that type of housing, number of rooms, floor area, and household registration failed to pass the significance test of relevant analysis.
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In addition, to eliminate the impact of the number of travelers on the degree of difference, we divide the travel frequency difference by its respective degree of freedom and obtain the following:
where that MSWG represents the difference in the average travel frequency for individual travelers;
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Furthermore, the test statistic of the travel frequency difference obtained is as follows:
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where that MSWG represents the difference in the average travel frequency for individual travelers; MSBG represents the travel frequency difference between the elderly group and the middle-aged/young group;
• n − g is the MSWG's degree of freedom; and • g − 1 is the MSBG's degree of freedom.
By comparing the calculated value and the critical value of the F statistic, we can decide the travel frequency difference between the elder group and the middle-aged/young group.
Empirical Analysis of the Travel Frequency Difference
Even if the elderly group and the middle-aged/young group have significantly different travel frequencies, the difference more frequently results from individuals' travel frequency difference. Therefore, it is necessary to perform an in-depth analysis of the influence of individuals' socioeconomic attributes on the travel frequency characteristics.
In this paper, Spearman's correlation coefficient is used to express the correlation between travelers' socioeconomic attributes and travel frequency. The coefficient r is calculated as follows:
where n is the number of travelers; and d i is called difference in ranks among the same group (i = 1, 2, ..., n), which is the difference in the travel frequency and socioeconomic attributes of each traveler. In addition, the significance test statistic of Spearman's correlation coefficient is obtained as follows:
By comparing the calculated value and the critical value of the t statistic, we can separately decide the correlation between the travel frequency and individual socioeconomic attributes in the elderly group and the middle-aged/young group. Tables 1-3 show that there is indeed a descriptive difference between the attributes of the elderly group and that of the middle-aged/young group. The proportion of the elderly group without a car is 74.3%, which is much higher than that of the middle-aged/young group. Approximately 5.2% of the elderly in Beijing travel by car, whereas this proportion is as high as 30% in middle-aged/young group. The household monthly income of the middle-aged/young group is also significantly higher than the elderly group. The travel attributes of the sample data demonstrate that the average travel distance of the middle-aged/young group is 7 km and that their average travel duration is 39 min, whereas the average travel distance of the elderly group is 3.2 km, and its average travel duration is 28.4 min. There are also significant differences between the elderly group and the middle-aged/young group in terms of travel purpose. The percentage of travels for "fixed" activities, such as with the purpose of work, in the middle-aged/young group is significantly higher than that in the elderly group, whereas other activities in the elderly group, including household "maintenance" activities and recreational activities with shopping, dining, seeing a doctor, visiting friends, and entertainment and fitness as purposes, have a travel percentage as high as 42.2%, which is far higher than the rate of 15.2% in the middle-aged/young group.
Result Analysis
The analytical results of travel frequency difference by the definition of Pas are shown in Table 4 . That the value of the F statistic is 70.3386, which is greater than the critical value of 3.842972, indicating that there is significant difference in travel frequency between the elderly group and the middle-aged/young group. From R 2 = 1.13%, we can observe that although the travel frequencies of the elderly group and the middle-aged/young group are significantly different, the effect of age on travel frequency is only 1.13% of the total effect, which means that age has very low explanatory power for the travel frequency difference and that there are many other influencing factors. Based on the calculated SST and SSWG values, the travel frequency of individual travelers varies greatly, accounting for 98.87%. Therefore, it is necessary to perform an in-depth analysis of the influence of individual socioeconomic attributes on travel frequency characteristics. The analytical results that the effect of household attributes, individual attributes, and travel attributes on the travel frequency difference between the elderly and the middle-aged/young are shown in Table 5 . The definition and description of the above variables are shown in Table 1 . Both travel distance and travel duration have a significant negative effect on travel frequency, which is in line with the expectation. However, the coefficients are more negative for middle age than for elder. The reason is that the longer travel distance and duration means the more time spend on the way to "work" and back "home" for middle age mainly with "fixed" activities. Thus, there is not enough time to do other activities. Household monthly income significantly affects travel frequency: for the middle-aged/young group, the higher the household income is, the less frequent the travelers travel; the case is completely the opposite for the elderly group. The reason is that middle-aged/young people with a higher household income spend more time on "fixed" activities, namely, longer work hours, which result in less frequent travel. However, the elderly have retired, there are no "fixed" activities for them, and they have a more flexible time allocation. Therefore, the elderly with higher household income spend more time on household "maintenance" activities and recreational activities and, thus, travel more frequently. This finding is consistent with the results of previous studies [23] . Gender has a significant negative effect on travel frequency in the elderly group; that is, women travel less than men, which is consistent with the results of previous studies [17] . The number of cars has a significant positive effect only on the middle-aged/young group and has no effect on the elderly group. This finding is basically consistent with the descriptive statistics shown in Tables 2  and 3 . The number of bicycles has a significant positive effect on the travel frequency of both the elderly group and the middle-aged/young group, which is closely related to the popularity of bicycles in Beijing.
Elderly travelers with more members in the household, that is, a larger household size, have a higher travel frequency. A larger household size means that the elderly must be living with their children, which naturally leads to an increase in travel by the elderly with the purpose of household "maintenance" activities. Household size does not have a significant effect on the travel frequency of middle-aged/young people.
Since more than 90% of elderly travelers are unemployed, it is meaningless to study the impact of the variable of employment status on their travel frequency, and this paper does not cover it. However, employment status has a significant positive effect on the travel frequency of middle-aged/young travelers; that is, travelers with no employment have more flexible time, and therefore, their travel frequency increases accordingly.
Monthly tickets have a significant negative effect on the travel frequency of both the elderly group and the middle-aged/young group, which is the opposite of the expected result. After a further descriptive statistical analysis, we find that approximately 80.5% of middle-aged/young travelers with monthly tickets are with the purpose of "fixed" activities, as "going to work or going home". So their time allocation is relatively fixed, and their travel frequency will not increase with an increase in monthly tickets that they hold. Among elderly travelers with monthly tickets, approximately 90% of them travel for "other reasons or going home", 52% have a travel frequency of 2, and 24% have a travel frequency of 4. In other words, the majority of travels are focused on "maintenance" activities and recreational activities, the travel time and destination are relatively flexible, but their travel frequency will not increase even if they have more monthly tickets. The reason is that price of PT card is very low with 20RMB ($3) deposit and average 1RMB ($0.15) for once [29, 30] .
The comparative data of some attributes of elderly in Beijing and other developed regions are shown in Table 6 [31] [32] [33] . The mobility of the elderly in some developed regions is much higher than that of the elderly in Beijing. This finding is partially due to random sampling, but it is more related to the level of regional economic development. At present, the elderly in Beijing mainly travel by walking (54.7%) and the rate of household car ownership is very low. However, with the social development, these characteristics will change after a few decades. 
Conclusions
With social development, the travel patterns of the elderly are lacking in sustainability. This paper discusses some of the content lacking in current studies on the elderly's travel behavior: (1) an analysis of the regional difference in the elderly's travel behavior characteristics; (2) an analysis of the travel frequency difference between the elderly and the middle-aged/young and its influencing factors; (3) the impact of household size, namely, household-level interactions, on the elderly's travel characteristics; and (4) travel demand management policies and measures due to the lack of sustainability of elderly's travel pattern.
The research results demonstrate the following:
(1) There is indeed a descriptive and inferential significant difference in travel frequency between the elderly group and the middle-aged/young group in Beijing. However, the systematic error of this difference is small, whereas the sample randomness error is large; that is, the travelers are very different. Therefore, it is necessary to analyze the impact of individuals' socioeconomic attributes on travel frequency.
(2) Travelers' household attributes, individual attributes, and travel attributes have an impact on the travel frequencies of the elderly group and the middle-aged/young group. Regarding household attributes, middle-aged/young people with a higher household income travel less frequently, whereas the case is completely the opposite for the elderly. The number of cars has a significant positive effect only on the middle-aged/young group and has no effect on the elderly group. The number of bicycles has a significant positive effect on the travel frequency of both the elderly group and the middle-aged/young group. The elderly with more members in the household, namely, a larger household size, have a higher travel frequency. In terms of personal attributes, gender has a significant negative effect on the elderly's travel frequency; that is, women travel less than men. Employment status has a significant positive effect on the travel frequency of middle-aged/young travelers. Monthly tickets have a significant negative effect on the travel frequencies of both the elderly group and the middle-aged/young group. Regarding travel attributes, travel distance and travel duration have a significant negative effect on the two groups' travel frequencies.
(3) Due to the level of regional economic development and the proportion of women, the mobility of the elderly in some developed countries is much higher than that of the elderly in Beijing. However, Based on the population structure of Beijing, those who are currently middle-aged/young people will become a "new generation" of the elderly in the near future, and they will have accumulated a certain level of wealth in the process of the reform and opening up. Therefore, in the next few decades, the rate of car ownership among the elderly in Beijing will grow rapidly, which will bring the lack of sustainability of travel patterns, further will bring new challenges to policymakers and transport planning departments.
(4) For policymakers or transport planning departments, recognizing the regional difference in the elderly's behavioral characteristics can help in adopting travel demand management policies and measures according to local conditions. At present, the elderly in Beijing mainly travel by walking, supplemented by public transport. Therefore, we should further improve the pedestrian system and the comfort and security level of public transport. Simultaneously, we need to recognize that the "new generation" of the elderly in Beijing will have a rapidly increasing dependence on cars. As a result, from the perspective of traffic congestion management, combined with the factors that influence the elderly's travel frequency, the government should introduce corresponding measures to manage the elderly's cars.
